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PURPOSE: To improve the resolution exceeding the diffraction 
limit by emitting the light from a light source to a mask, 
diffracting the pattern of the mask, diffracting the diffracted 
light through a projection optical system, and reproducing the 
pattern on a sample to be exposed. 

CONSTITUTION: A mask 1 is inserted between a projection 
optical system 2 and diffraction gratings A, B, and a diffraction 
grating C is inserted between the system 2 and a wafer 4. In 
this case, the gratings A, B, C are simultaneously phase 
gratings. The light R perpendicularly incident to the mask 1 is 
diffracted to zero order diffracted light R0, + primary diffraction 
light R1 and - primary diffracted light R1' on the mask surface. 
The light R0 arrives at a point AO on the grating A, and the light 
diffracted in the - primary direction is diffracted to + primary 
direction at the point B0 on the grating B. Thereafter, it is 
diffracted at the point CO on the grating C via the left end of 
the pupil 3 in ± primary direction, and arrived at two points Q, P 
on the image surfaces. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The projection exposure approach characterized by consisting of the process for which a mask is 
prepared, the process which irradiates the light from the light source at the above-mentioned mask, the 
process which diffracts the pattern of the above-mentioned mask, and the process which diffracts the this 
diffracted light through projection optics, and reproduces and exposes the above-mentioned mask pattern on 
a sample. 

[Claim 2] The projection exposure approach according to claim 1 characterized by diffracting twice as the 
above-mentioned process which carries out diffraction. 

[Claim 3] the light source, the 1st and the 2nd diffraction means irradiates the pattern on a mask with the 
light from this light source, and diffract the light from this mask, the projection optics that project the 
diffracted light on a sample, and the 3rd diffraction means which diffracts the light from this projection 
optics — this — the projection aligner characterized by to consist of a sample base in which the sample 
arranged under the 3rd diffraction means lays. 

[Claim 4] The above 1st and the 2nd diffraction means are a projection aligner according to claim 3 
characterized by being a phase grating. 

[Claim 5] In the approach of forming a pattern on the above-mentioned substrate by irradiating at a mask the 
light of the wavelength lambda which emitted the light source through an illumination-light study system, 
and carrying out image formation of the pattern on the above-mentioned mask to up to a substrate according 
to the projection optics of numerical aperture NA and reduction percentage M:l So that it may have the 1st 
parallel diffraction grating with the above-mentioned substrate between the above-mentioned substrate and 
the above-mentioned projection optics and the image of a mask pattern may be reproduced by interference 
of the light diffracted by said 1st diffraction grating near the substrate side The projection exposure 
approach characterized by preparing the diffraction grating, the 2nd diffraction grating and the 3rd 
diffraction grating, of two sheets sequentially from the above-mentioned mask side at the above-mentioned 
mask and parallel between the above-mentioned mask and the above-mentioned illumination-light study 
system. 

[Claim 6] The projection exposure approach according to claim 5 characterized by the cutoff spatial 
frequency f of the optical system which prepared said diffraction grating being larger than the cutoff spatial 
frequency fO of the optical system which does not prepare said diffraction grating, and being 2 double less 
or equal of fO. 

[Claim 7] The space period PI of said 1st diffraction grating is the projection exposure approach according 
to claim 5 characterized by being in the range of lambda/(1.42, NA) <=P1 <= lambda/NA. 
[Claim 8] It is the projection exposure approach according to claim 5 characterized by the periodic direction 
of the 1st, 2nd, and 3rd diffraction gratings of the above being equal, and the space period PI of the 1st 
diffraction grating of the above, the space period P2 of the 2nd diffraction grating, and the space period P3 
of the 3rd diffraction grating filling the relation of about 1/P 3= 1/P2-1/(M-P1). 

[Claim 9] It is the projection exposure approach according to claim 5 characterized by optical paths Z2 and 
Z3 filling /P2= (Z3-/M+ZlandM) / relation of PI mostly (Z3-Z2) from an optical path Zl and the above- 
mentioned mask front face of the 2nd and 3rd diffraction grating of the above from the above-mentioned 
substrate front face of the 1 st diffraction grating of the above. 

[Claim 10] Each installation location of the 1st diffraction grating of the above, the 2nd diffraction grating 
of the above, and the 3rd diffraction grating of the above, The thickness of each transparence substrate 
which prepares the 1st diffraction grating of the above, the 2nd diffraction grating of the above, and the 3rd 
diffraction grating of the above, And the projection exposure approach according to claim 5 characterized by 
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setting up the period of the 2nd diffraction grating of the above according to the physical relationship of NA 
of said projection optics and a contraction scale factor, and the each diffraction grating and the above- 
mentioned substrate so that the aberration of Hazama of the above-mentioned mask side and the image 
surface may serve as min. 

[Claim 1 1] The space period P2 of said 2nd diffraction grating is P2 <=l/(l-2 and NA/M). 

******** — the projection exposure approach according to claim 5 characterized by things. 

[Claim 12] Said 2nd and 3rd diffraction gratings are the projection exposure approaches according to claim 

5 characterized by being a phase grating. 

[Claim 13] Said 1st diffraction grating is the projection exposure approach according to claim 5 
characterized by being a phase grating. 

[Claim 14] Between said substrate and said 1st diffraction grating, the width of face to said one direction by 
below Zl and NA While a space period prepares the about 2, Zl, and 1st [ of NA ] protection-from-light 
pattern [ whether the protection-from-light pattern of the above 1st on a mask and the 2nd protection-from- 
light pattern which shades a field /****/ almost / are prepared in right above / of said mask /, or directly 
under, and an exposure field is restricted to it, and ] Or the projection exposure approach according to claim 
5 characterized by scanning and exposing on a substrate the exposure field by which the limit was carried 
out [ above-mentioned ], or exposing, moving in the shape of a step. 

[Claim 15] Said diffraction grating is the projection exposure approach according to claim 5 which is a 1- 
dimensional diffraction grating and is characterized by carrying out aberration amendment so that the wave 
aberration of said projection optics may serve as axial symmetry centering on the diameter of a direction 
perpendicular to the periodic direction of the above-mentioned diffraction grating on a pupil. 
[Claim 16] Said mask is the projection exposure approach according to claim 5 characterized by including a 
periodic mold phase shift mask. 

[Claim 17] Said mask is the projection exposure approach according to claim 5 characterized by having a 
detailed pattern in the specific direction according to said the 1 st period and direction of a diffraction 
grating. 

[Claim 1 8] Said mask is the projection exposure approach according to claim 5 characterized by amending a 
pattern configuration according to said the 1 st period and direction of a diffraction grating. 
[Claim 19] The projection exposure approach according to claim 5 characterized by for the refractive index 
n having filled between said 1 st diffraction grating and said substrates with the larger liquid than 1 , and 
setting NA of said projection optics as the range of 0.5<NA<n/2. 

[Claim 20] In the projection aligner which has the projection optics of the numerical aperture NA which 
carries out image formation of the pattern on the above-mentioned mask to the illumination-light study 
system which irradiates the light of the wavelength lambda which emitted the light source at the mask on a 
mask stage near the substrate front face on a substrate stage, and reduction percentage M: 1 It has the 1st 
diffraction grating of the above-mentioned substrate and 1st parallel space period PI (lambda/(1.42, NA) 
<=P1 <= lambda/NA) between the above-mentioned substrate and the above-mentioned projection optics. 
So that the image of a mask pattern may be reproduced by interference of the light diffracted by the 1st 
diffraction grating of the above near the substrate side The projection aligner characterized by having the 
diffraction grating, the 2nd diffraction grating and the 3rd diffraction grating, of two sheets sequentially 
from the above-mentioned mask side in the above-mentioned mask and parallel between the above- 
mentioned mask and the above-mentioned illumination-light study system. 

[Claim 21] It is the projection aligner according to claim 20 characterized by the periodic direction of the 
1st, 2nd, and 3rd diffraction gratings of the above being equal, and the space period PI of the 1st diffraction 
grating of the above, the space period P2 of the 2nd diffraction grating, and the space period P3 of the 3rd 
diffraction grating filling the relation between 1/P3=1 / (M-Pl) +1/P2 mostly. 

[Claim 22] Each installation location of the 1st diffraction grating of the above, the 2nd diffraction grating 
of the above, and the 3rd diffraction grating of the above, The thickness of each transparence substrate 
which prepares the 1 st diffraction grating of the above, the 2nd diffraction grating of the above, and the 3rd 
diffraction grating of the above, And the projection aligner according to claim 20 characterized by setting up 
the period of the 2nd diffraction grating of the above according to the physical relationship of NA of said 
projection optics and a contraction scale factor, and the each diffraction grating and the above-mentioned 
substrate so that the aberration of Hazama of the above-mentioned mask side and the image surface may 
serve as min. 

[Claim 23] The projection aligner according to claim 20 characterized by having the function exposed while 
the width of face to said one direction scans and exposes on a substrate the exposure field which a space 
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period has the protection-from-light pattern of 2 and NA-Z1 mostly, or was restricted with the above- 
mentioned protection-from-light pattern by below Zl and NA or moves in the shape of a step between said 
substrate and said 1st diffraction grating. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the pattern formation approach for forming the detailed 

pattern of various solid-state components, and the projection aligner used for this. 

[0002] 

[Description of the Prior Art] In order to improve the degree of integration and working speeds of a solid- 
state component, such as LSI, detailed-ization of a circuit pattern is progressing. Moreover, detailed-ization 
of a pattern is desired for improvement in a property, such as light and electronic devices, such as laser, and 
various kinds of quantum effectiveness components, a dielectric, a magnetic-substance component. The 
reduced-projection-exposure method excellent in mass-production nature and definition ability is widely 
used for such pattern formation now. Since the resolution limit of this approach is proportional to exposure 
wavelength and in inverse proportion to the numerical aperture (NA) of a projection lens, improvement in 
the resolution limit has been performed by short-wavelength-izing and high NA-ization. 
[0003] Moreover, the various image improving methods, such as a phase shift method, deformation 
illumination (oblique incidence illumination), and the pupil filter method, are applied as technique for 
improving the resolution of a reduced-projection-exposure method further, these — the former — the engine 
performance of optical system — until [ theoretical ] diffraction marginal (cutoff spatial frequency = 2 
NA/lambda) last-minute — it will be used effectively The these images improving method (often called a 
super resolution method) is discussed by the 49th page (the Science forum company **, 1994, Tokyo) from 
innovation of a ULSI lithography technique, Chapter 1, and the 34th page, for example. 
[0004] On the other hand, some methods of expanding the spatial-frequency band of optical system are 
learned as an approach of improving the resolution of a microscope across the conventional above- 
mentioned diffraction limitation. These spatial-frequency band dilation is discussed by the 859th page 
(1968) from application physics, the 37th volume, No. 9, and the 853rd page, for example. One of 
approaches of this scans two grid patterns, keeping conjugation relation mutual right above [ of a body and 
an image ] (at least inside of the depth of focus), they form a moire pattern by superposition of a body and 
the 1st grid pattern of the right above of it, and get over by passing a lens system and piling up this moire 
pattern with the 2nd grid pattern by the image side. Since a moire pattern has spatial frequency lower than a 
body and the 1 st grid pattern, it can pass a lens system. It applies for applying this approach to a reduced- 
projection-exposure method. Generally, since it is difficult, it is operating scanning a grid pattern 
mechanically right above [ wafer ] as a grid by preparing a phot chromics material directly on a wafer, and 
scanning an interference fringe in piles to this. 
[0005] 

[Problem(s) to be Solved by the Invention] however, the above — there are the following technical problems 
in various conventional techniques. 

[0006] As for short-wavelength-izing of exposure light, ArF excimer laser (wavelength of 193nm) is first 
considered to be a limitation from the problem of the permeability of an optical (lens) ingredient. Moreover, 
as for NA of projection optics, 0.6-0.7 are considered to be limitations from the problem on a lens design 
and manufacture. However, the resolution limit of the exposing method is 0.3 lambda/NA extent, when 0.5 
lambda/NA and a periodic mold phase shift method are generally used, therefore even if it uses the 
limitation of the above-mentioned short-wavelength-izing and a raise in NA, a pattern 0. 1 micrometers or 
less is conventionally difficult for formation. Moreover, by the describing [ above ] periodic mold phase 
shift method, since a mask pattern is restricted, an actual limit size retreats further about a more common 
circuit pattern. Moreover, although expansion of exposure area is demanded with large-scale-izing of LSI, it 
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is very difficult to be satisfied with coincidence of expansion of the exposure field of projection optics, and 
the demand of a raise in NA. 

[0007] On the other hand, the various spatial-frequency band dilation aiming at crossing the conventional 
diffraction limitation aims at expanding a minute body for a microscope. For this reason, there was a trouble 
that it was not necessarily suitable in forming the minute optical image demanded by optical lithography. 
For example, by the approach of using said moire pattern, the device or optical system for scanning two 
grids, keeping conjugation relation mutual right above [ of a mask and a wafer ] becomes it is remarkable 
and complicated. Since exposure of a resist is substantially performed with EBANESSENTO light, there are 
problems, like it becomes difficult for light to decline in a wavelength range and to expose a thick resist. 
Furthermore, even when using phot clo MIKKU, there is no suitable ingredient. Therefore, when mass 
production method of LSI was considered, there was a trouble that it could not necessarily be said that it is 
practical. 

[0008] The purpose of this invention is in the projection exposing method which forms the detailed pattern 
of various solid-state components to offer the approach of improving the resolution across the conventional 
diffraction limitation (cutoff spatial frequency). Specifically, it is in offering the new projection exposure 
approach that effectiveness almost equivalent to having a maximum of doubled the NA substantially is 
acquired, and the aligner which makes this possible, without changing NA of projection optics. 
[0009] Another purpose of this invention is to offer the projection exposure approach of having been 
suitable for mass production method of LSI which is satisfied only with adding some amelioration to these 
of the big exposure field and high resolution at coincidence possible [ the thing of the improvement 
effectiveness in resolution to acquire ], without changing greatly the configuration and optical system of an 
aligner of a conventional type. 
[0010] 

[Means for Solving the Problem] In case image formation of the above-mentioned purpose is carried out to 
up to a substrate using the light of wavelength lambda according to the projection optics (numerical aperture 
= NA, reduction percentage =1 :M) of MASUKUPATAN ** and a pattern is formed, between the above- 
mentioned substrate and the above-mentioned projection optics While preparing the 1st diffraction grating 
of the space period PI (however, it is desirable that it is lambda/(l .42, NA) <=P1 <= lambda/NA) in the 
above-mentioned substrate and parallel So that the image of a mask pattern may be reproduced by 
interference of the light diffracted by the 1 st diffraction grating of the above near the substrate side It is 
attained by preparing the diffraction grating, the 2nd diffraction grating and the 3rd diffraction grating, of 
two sheets sequentially from the above-mentioned mask side between said projection optics and said masks 
at the above-mentioned mask and parallel. 

[001 1] In order to reproduce the image of a mask pattern faithfully by the diffracted light of the 1st 
diffraction grating, the periodic direction of the 1st, 2nd, and 3rd diffraction gratings of the above is equal, 
and the space period PI of the 1st diffraction grating of the above, the space period P2 of the 2nd diffraction 
grating, and the space period P3 of the 3rd diffraction grating are set up so that the relation of about 1/P 3= 
1/P2-1/(M-P1) may be filled. Moreover, the optical path Zl from the above-mentioned substrate front face 
of the 1st diffraction grating of the above and the optical paths Z2 and Z3 from the above-mentioned mask 
front face of the 2nd and 3rd diffraction grating of the above are set up so that /P2= (Z3-/M+ZlandM) / 
relation of PI may be filled mostly (Z3-Z2). Furthermore, it is desirable that it is P2<=l/(l-2 and NA/M). 
Moreover, it is desirable to set up the thickness of the installation location of the 1 st, 2nd, and 3rd diffraction 
grating and the transparence substrate of each diffraction grating and the period of the 2nd diffraction 
grating so that the aberration of Hazama of the above-mentioned mask side and the image surface may serve 
as min. Moreover, it is desirable that a space period prepares the 2nd protection-from-light pattern which 
shades a field [****/ right above / of said mask / or directly under / again / as the protection-from-light 
pattern of the above 1st / almost ] for the about 2, Zl, and 1st [ of NA ] protection-from-light pattern, and 
width of face restricts an exposure field by below Zl and NA between a substrate and the 1st diffraction 
grating. Furthermore, it is desirable to scan and expose on a substrate the exposure field by which the limit 
was carried out [ above-mentioned ] if needed, or to expose, moving in the shape of a step. As for each 
[ these ] diffraction grating, it is desirable that it is a phase grating. 

[0012] In addition, as for said diffraction grating, it is desirable to consider as a 1 -dimensional diffraction 
grating, and to carry out aberration amendment of the wave aberration of said projection optics so that it 
may become axial symmetry centering on the diameter of a direction perpendicular to the periodic direction 
of the above-mentioned diffraction grating on a pupil. Moreover, this invention demonstrates big 
effectiveness especially, when a periodic mold phase shift mask is used as a mask. Furthermore, it is 
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desirable to restrict the period and direction of a detailed pattern, or to amend a pattern configuration 
according to the period and direction of a diffraction grating, if needed. Moreover, if a refractive index n 
fills between the 1st diffraction grating and said substrates with a larger liquid than 1 and NA of said 
projection optics is set as the range of 0.5<NA<n/2, formation of a still more detailed pattern will be 
attained. 
[0013] 

[Function] This invention will acquire effectiveness equivalent to increasing NA effectually by preparing a 
diffraction grating between the last element of projection optics, and a wafer, and enlarging the incident 
angle of the light beam which carries out incidence to a wafer side. However, only by preparing a diffraction 
grating between the lens-wafers of optical system conventionally simply, the diffracted lights which should 
originally be collected to one on the image surface are scattered all over the scattering location on the image 
surface, and playback of a mask pattern is difficult absolutely. Therefore, it is necessary to reconfigurate 
optical system so that an image faithful to the original mask pattern may be reproduced as a result of 
interference. And as for the viewpoint of practicality to such optical system, it is desirable that the 
conventional mask is moreover usable, without converting the conventional projection optics greatly. This 
invention satisfies these demands so that it may state below. 

[0014] In order to explain an operation of this invention, the principle of the image formation by this 
invention is explained as compared with a conventional method. The situation of the image formation at the 
time of illuminating a mask or a phase shift mask the case where it illuminates to a perpendicular 
respectively, and aslant, conventionally by the conventional projection exposure optical system is shown in 
drawing 2 a, b, c, and d for the again comparison with drawing 1 of the image formation in the optical 
system based on one gestalt of this invention. In any drawing, 2:1 contraction optical system, coherent 
illumination, and a 1 -dimensional pattern were assumed, and paraxial image formation approximation was 
carried out. 

[0015] First, when the vertical illuminator of the mask is usually conventionally carried out by optical 
system ( drawing 2 a), it diffracts with the pattern on a mask, and the beam of light which passed the pupil 
24 (inside of diaphragm 20) of projection optics 23 among the diffracted lights converges on the image 
surface 25, it interferes in the light 22 which carried out vertical incidence to the transparency mold mask 
21 , and it forms a pattern. Here, if the pattern period which gives the greatest angle of diffraction which can 
pass a pupil is defined as the resolution limit, the resolution limit will become lambda/(2NA) (however, 
NA=sin theta 0). Furthermore, if the periodic mold phase shift mask 26 is applied to this optical system, as 
shown in drawing 2 b, the zero-order diffracted light will disappear and the diffracted light will arise in the 
symmetry to an optical axis 29 (alternate long and short dash line in drawing). For this reason, the greatest 
angle of diffraction which can pass a pupil becomes twice, and the resolution limit improves to lambda/ 
(4NA). 

[0016] moreover — if slanting lighting is conventionally applied to optical system (it was assumed that the 
zero-order light 27 of the mask diffracted light passed through the left end of ****** since it was easy, 
drawing 2 c and) — the inside of the mask diffracted light — a core [ light / zero-order ] — carrying out — 
positive/negative — only a single-sided component (drawing +primary light 28) with one of angle of 
diffractions passes a pupil, and converges on the image surface. Since the diffracted light which has a twice 
[ in the case of vertical incidence ] as many angle of diffraction as this can pass a pupil, the resolution limit 
becomes lambda/(4NA) too. However, in order to use only one side of a diffraction spectrum, the resolution 
of an isolated pattern is not different from the case of a vertical illuminator, and has the problem of contrast 
falling also in the case of a periodic pattern. Furthermore, since two or more diffracted lights cannot pass a 
pupil if a mask is changed into the periodic mold phase shift mask 26, a pattern is not resolved ( drawing 2 
d). 

[0017] Next, the image formation in the optical system based on one gestalt of this invention is shown in 
drawing 1 . In the conventional optical system of drawing 2 , a diffraction grating A and a diffraction grating 
B are inserted between a mask 1 and projection optics 2, and, as for it, the optical system of drawing 1 
inserts a diffraction grating C between projection optics 2 and a wafer 4 again. Here, let both the diffraction 
gratings A, B, and C be phase gratings. 

[0018] The light R which carried out vertical incidence to the mask 1 is diffracted by the zero-order 
diffracted light R0, the +primary diffracted light Rl, and -primary diffracted-light RT in respect of a mask, 
the zero-order light R0 should reach the point AO on a diffraction grating A, and the light diffracted in the - 
primary direction there should pass the left end of a pupil 3 (inside of diaphragm 5), after being diffracted in 
the +primary direction the point B0 on a diffraction grating B — it diffracts in the primary [ **] direction the 
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point CO on a diffraction grating C — having — an each image surface top — two points are given to Q and P. 
Moreover, the +primary diffracted light Rl reaches the point Al on a diffraction grating A, and after the 
light diffracted in the -primary direction there is diffracted in the +primary direction the point Bl on a 
diffraction grating B, it is diffracted in the primary [ **] direction the point CI on a diffraction grating C 
through the right end of a pupil 3, and reaches the points Q and P on the image surface too. on the other 
hand — a point — A — zero — + -- one — order — a direction — diffracting — having had — zero-order — light - 
- R — zero — 1 - one — order — the diffracted light — R one — 1 — receiving — an optical path — the above- 
mentioned optical path and above-mentioned optical axis 6 (alternate long and short dash line in drawing) of 
two beams of light — receiving — the symmetry — becoming . That is, finally both are diffracted in the 
primary [ **] direction the point CO on a diffraction grating C, and reach the point P on the image surface, 
and Q\ Therefore, three beams of light, the zero-order light diffracted with the mask and the primary [ +] - 
primary beam of light, cross at P points. This [ depend / on a mask angle of diffraction ] is clear. Therefore, 
at Point P, a diffraction figure is reproduced faithfully. 

[0019] Since the diffracted light with a twice as many angle of diffraction as this can pass a pupil using the 
optical system which has the same NA and a scale factor compared with a conventional method ( drawing 2 
a), the effectiveness same with having doubled NA two substantially is acquired, moreover — slanting 
lighting ( drawing 2 b) ~ a core [ light / zero-order ] — carrying out — positive/negative — either — since the 
diffracted light of both sides is reproducible by this invention in the image surface to only diffracted light of 
one of the two being reproducible in the image surface, with slanting lighting, the improvement in resolution 
of the difficult isolated pattern is possible, and big contrast can be acquired to a periodic pattern. 
Furthermore, if a periodic mold phase shift mask is applied to this optical system ( drawing 3 a), as a result 
of ^primary light R+ and -primary light R- which the zero-order diffracted light disappears and have a twice 
[ usual ] as many angle of diffraction as this interfering, the degree of minimum solution image becomes 
lambda/(8NA). This is the one half of lambda/(4NA) which is a theoretical limitation at the time of using a 
periodic mold phase shift mask and slanting lighting until now, and improvement in fast resolution of it is 
attained by this invention. Moreover, the situation of the image formation at the time of applying slanting 
lighting in this optical system is shown in drawing 3 b. With slanting lighting, it becomes possible to pass a 
pupil to diffracted- light Rl " which has a big angle of diffraction only to one side, and resolution can be 
improved to a maximum of the twice (8NA), i.e., lambda/, at the time of a vertical illuminator. Moreover, if 
various illumination light from which a mask incident angle differs is used, the effectiveness of partial 
coherent illumination can be acquired completely similarly in optical system conventionally. 
[0020] It is as follows when the principle of this invention is explained from the position of the fourier 
diffraction theory ( drawing 4 ). By the following explanation, the scale factor of optical system shall 
consider 1 in a phase grid, and a diffraction grating shall consider only the about 1 -dimensional primary 
[ **] diffracted light. From the point P on the image surface, when a pupil 3 is seen through a diffraction 
grating C, a pupil is divided into two by diffraction and it is visible ( drawin g 4 a). In each pupil, the mask 
Fourier transform image which passes a pupil at an angle of the specification which exists respectively 
appears. On the other hand, considering a mask side, the light diffracted with the mask is diffracted by 
diffraction gratings A and B, and forms two or more mask Fourier transform images on a pupil. Among 
these, a certain thing which passed the pupil at an angle of specification can be seen in the pupil which was 
visible in the top ( drawing 4 b). That is, in the case of drawing 4 , the fourier diffraction figure on the right 
of drawing 4 b appears in the pupil on the left-hand side of drawing 4 a, and the fourier diffraction figure on 
the left of drawing 4 b appears in the pupil on the right-hand side of drawing 4 a. At this time, conditions to 
reproduce an image correctly at Point P are the following two points. 
[0021] (1) The spectrum of the same point on a mask should appear through two pupils. 
[0022] (2) Two spectrums should connect continuously at the contact of two pupils. 

[0023] It is necessary to enable it in other words to see one continuous spectrum through two or more pupils. 

[0024] from an image — seeing — a diffraction grating C — minding — f — two or more shifted pupils — 
visible — the inside of each of that pupil — diffraction gratings B and A — minding — too — f 1 — supposing 
two or more shifted fourier diffraction figures appear, amplitude distribution [ of a true image ] u (x) is 
expressed with a degree type. 
[0025] 

u(x) =F [sigmap(f-f ) -sigmao (f-f ')] -- f =**SCf '=** (SA-SB-SC) - here As for the Fourier transform and p 
(f), a pupil function and o (f) express [ F[ ] ] the sum to the order of diffraction from which a real space 
coordinate differs from f in a mask fourier diffraction figure and x, and sin (sine) of the angle of diffraction 
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of diffraction gratings A, B, and C and sigma differ in a spatial-frequency coordinate, and SA, SB and SC. 
Therefore, if SA=SB+SC, the term which is set to f '=0 and set [ as opposed to / both / both f =**SC(s) ] to 
f 1 =0 can be acquired. That is, one spectrum o (f) can be seen through two pupils p (f**SC). furthermore — in 
order to obtain the image to a same-on mask point at Point P — the distance between a mask side and 
diffraction gratings A and B and the distance between a diffraction grating C and the ideal image surface, 
and Each ZA, ZB, and ZC - SAand(ZB-ZA) =SC- (ZB+ZC) ~ then, it is good. 

[0026] When the upper conditions are applied to the optical system of reduction percentage M:l and the 
image side numerical aperture NA under paraxial approximation, it turns out that what is necessary is just to 
set up the distance ZA and ZB between the periods PA, PB, and PC of diffraction gratings A, B, and C, a 
mask side, and diffraction gratings A and B, and the distance ZC between a diffraction grating C and the 
ideal image surface almost as follows. 

[0027] In order to acquire sufficient improvement effectiveness in resolution by this invention to a 
1/PA=1/PB-1/(M-PC) (ZB-ZA)/PA=(ZB/M+M-ZC)/PC pan, considering as lambda/NA<=PC <=root2 and 
lambda/NA is desirable. 

[0028] As for diffraction gratings A and B, it is desirable that it is a phase grating. When diffraction gratings 
A and B penetrate not a perfect phase grating but zero-order light, effectiveness, such as optical system and 
oblique incidence optical system, laps with the effectiveness of this approach conventionally which is 
inferior to definition from this approach. For this reason, there is a possibility that definition may 
deteriorate. On the other hand, even if a diffraction grating C is a phase modulation grid and it is an 
amplitude intensity modulation grid, it is not cared about. If the period of a diffraction grating C is quite 
small and the silicon oxide of a refractive index 1.5 is considered, the cross-section aspect ratio of a grid 
pattern will become about about one. In this case, it needs to be cautious of the scattering effect of the light 
in a pattern cross section. In the case of the diffraction grating which consists of a protection-from-light 
pattern, since thickness of a light-shielding film is made quite thinly, the effect of dispersion can be reduced. 
However, the direction which uses a phase modulation grid can make an exposure field large so that it may 
state later. 

[0029] If a refractive index n fills the substrate side of a diffraction grating B with a larger liquid than 1 etc., 
sin will turn intol/n of the wavelength of this field, and an angle of diffraction. Then, if the period of a 
diffraction grating B is further made fine and an angle of diffraction is made equal to the case where a liquid 
is not filled, since only wavelength is set to 1/n, resolution will also improve to 1/n. Although the diffracted 
light with a more big angle of diffraction needs to increase the appearance mask lighting angle which can 
pass a pupil in a mask side, it becomes impossible in this case, for the diffracted light with a small angle of 
diffraction to pass a pupil at this time. Then, it is desirable to increase the path of a pupil according to this. 
This can also be put in another way as follows. When the refractive index of Hazama of a diffraction grating 
B and a substrate is 1 , the improvement in resolution is not obtained at all as for 0.5 or more in NA of 
projection optics used by this invention. sintheta> The angle of diffraction over the beam of light which 
carries out incidence to the diffraction grating B of periodic lambda/NA at an angle of [ theta ] 0.5 is for 
becoming 90 degrees or more, localizing on a diffraction-grating front face as an evanescent wave, and not 
getting across to a wafer. On the other hand, if the refractive index of Hazama of a diffraction grating B and 
a substrate is set to n, angle-of-diffraction theta' of the light which carried out incidence at an angle of sin 
theta=NA to the diffraction grating B (it must be periodic lambda/NA in order for the zero-order light which 
passed through the edge of a pupil to carry out vertical incidence to a wafer) will become sintheta - 
(lambda/PB+sintheta)/n=2 NA/n, and the conditions for being theta'<90 degree will be set to NA<n/2. That 
is, this invention is effectively applicable to the optical system of maximum NA=n / 2. Although immersion 
optical system generally needs a special optical design, when it applies to this invention as mentioned above, 
a special lens is not needed at all. Therefore, if between a diffraction grating B and substrates is filled with 
water (refractive index 1.3 [ about ]) and is exposed using an about 0.6 NA [ which is usually used in the 
semi-conductor process ] projection lens, effectiveness equivalent to having set NA to 1.2 substantially will 
be acquired. In this case, if a phase shift mask is used, the resolution of 0.1 micrometers or less will be 
obtained also on the wavelength (365nm) of i line of a mercury lamp. In addition, by this approach, since the 
incident angle of light in which it interferes near the wafer is very large, it depends for the image formation 
engine performance in the polarization condition of light strongly. Generally, the light in which an electric 
field vector has a polarization condition perpendicular to the plane of incidence of light is more desirable 
when forming the image of high contrast. 

[0030] All the above arguments need to assume paraxial approximation, need to set the refractive index of 
the substrate of a diffraction grating to 1, and need to take into consideration strictly in fact the effectiveness 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 9/21/2006 



JP,08-316125,A [DETAILED DESCRIPTION] 



Page 6 of 1 1 



of the refractive index of the substrate of a diffraction grating, and the effect of the aberration produced by 
the diffraction grating. For this reason, the installation location of each diffraction grating etc. may be 
changed a little. It cannot be overemphasized that it is desirable to make it in agreement in sufficient 
precision as for the periodic direction of the pattern of two or more diffraction gratings. 
[003 1 ] Next, four points are described about the point which it should be careful of in this invention. 
[0032] Generally an exposure field is conventionally restricted to the 1st compared with the exposing 
method by this optical system. Two beams of light cross also in the point Q on the image surface, and Q', it 
interferes mutually, and an image is formed so that drawing 1 may show. This image is an image of the false 
produced in the location which should be formed essentially, and out of which it does not come, and, 
generally is not desirable. In order to avoid this, it is desirable to form the protection-from-light mask 52 in 
right above [ of the image surface 51] (between a wafer and diffraction gratings C), and to intercept the 
image of these falses, as shown in drawing 5 a. A diffraction grating C and the protection- from-light mask 
52 can be formed in both sides of the same quartz substrate 53 as shown in drawing. (Y ou may form on a 
separate substrate.) preparing similarly this, simultaneously the masking blade which shades the above- 
mentioned protection-from-light mask and a field [****/ almost ] in right above [ of a mask ], or directly 
under again etc. — carrying out — a mask lighting field — the above — restricting to a field [****] is 
desirable. The exposure field which can be imprinted by one exposure is a field equivalent to the distance 
(about 2 and NA-ZB) of Hazama of a true image (P points) and a fake image (Q points), repeats the twice of 
the above-mentioned distance as a period, and appears. Therefore, when narrower than the area which wants 
to expose the field which can be exposed, the thing which were shown in drawing 5 b and for which an 
exposure field is scanned on a wafer is [ like ] desirable. Under the present circumstances, if the reduction 
percentage of optical system is M:l, it cannot be overemphasized that it is desirable to also set strictly the 
ratio of mask scan speed and wafer scan speed to M:l. About the approach of carrying out the synchronous 
scan of these exposure field on a mask and a wafer, the approach used with the existing aligner can be used 
as it is. On the other hand, when larger than the area which wants to expose the field which can be exposed 
(i.e., when the distance of Hazama of a true image and a fake image covers the chip which is one piece), it 
can expose, without scanning. The width of face of one exposure field increases, so that exposure area size 
is decided by the installation location of a diffraction grating B and a diffraction grating B is separated from 
the image surface. However, since the width of face of the field which cannot be imprinted to coincidence 
also increases, both rate does not change as [ about 1:1 ]. In order to eliminate the effect of a fake image, as 
for the width of face W of an exposure-on wafer field, considering as W<=NA-ZB is desirable. Moreover, 
when an amplitude intensity modulation grid is used for a diffraction grating B, in order that the zero-order 
diffracted light of a grid may form the image of another false in the midpoint of a true image and a fake 
image, when an exposure field is a phase grating, it becomes half mostly. 

[0033] Generally by this approach, exposure reinforcement falls to the 2nd. Only the light of the specific 
order of diffraction is used for the beam of light which carries out image formation on a wafer by this 
approach among the beams of light diffracted by the diffraction grating inserted into optical system. 
Therefore, the optical reinforcement which contributes to exposure whenever it passes a diffraction grating 
will fall. Moreover, having restricted the exposure fieid on a mask and a wafer, as stated in the top also 
causes a throughput fall. For this reason, it is desirable to cope with it using resist ingredients, such as a 
chemistry multiplier system resist with high sensibility which uses the light source with fully strong 
reinforcement by this approach, etc. 

[0034] As pre- explanation showed [ 3rd ], in addition to the desirable diffraction figure of f — 0, on a pupil, 
the Fourier transform image which shifted only f f =**2 (SA+SB) arises. This means that the high order 
spectrum of a mask pattern laps with a low spatial-frequency field substantially, and, generally is not 
desirable. In order to avoid this in the optical system of drawing 1 , it is PA<=l/(l-2 and NA/M). 
Then, it is good. In this case, it is because the diffracted light (equivalent to the dotted line emitted out of 
[ Al ] drawing 1 ) of the H-primary direction by the diffraction grating A to the diffracted light (inside Rl of 
drawing 1 ) diffracted by angle-of-diffraction 2 and NA/M with the mask cannot exist. 

[0035] By the optical system of this invention, it needs to be [ 4th ] cautious of the aberration accompanying 
diffraction-grating installation. The aberration generated by the diffraction grating is explained using 
drawing 6 . The beam of light after mask passage assumes that it is in a field including the periodic direction 
of an optical axis and a diffraction grating (for example, a 1 -dimensional pattern and coherent illumination). 
In order for the optical system of drawing 6 a to be non-aberration, the difference of each optical path length 
of OX1X2X3I, OY1Y2Y3I, and OZ1Z2Z3I must be 0. However, if an optical-path-length difference is 
among these, this will serve as aberration. If it assumes that projection optics is the ideal optical system of 
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aberration 0, the difference of OX1X2+X3I, OY1Y2+Y3I, and OZ1Z2+Z3I will turn into aberration from 
X2X3=Y2Y3=Z2Z3 here. If the wave aberration of an optical path which results in OZ1Z2Z3I from 
OX 1X2X3 1 which crosses the diameter of a pupil is plotted to the pupil radius coordinate s standardized on 
the basis of OY1 Y2Y3I, it will become like the continuous line of drawing 6 b. It turns out that aberration 
w+ (s) to the beam of light which has the include angle of + to a mask passage glory shaft generally 
becomes unsymmetrical on a pupil. Aberration w-(s) to the beam of light which has the include angle of - to 
an optical axis similarly becomes the symmetry from the symmetric property of optical system considering 
w+ (s) and a pupil as a core. In this invention, since it is necessary to make the light diffracted in the 
direction of +, and the light diffracted in the direction of - interfere in coincidence on a wafer, it is necessary 
to amend the aberration to both to coincidence. However, since the pupil top aberration over the light 
diffracted in the direction of + and the direction of - is not in agreement so that drawing 6 b may show, it 
becomes difficult theoretically to amend these by projection optics to coincidence. Therefore, as for such 
aberration, it is desirable to amend between a mask and projection optics or by Hazama of a wafer and a 
substrate. Generally this can be performed by the following approaches. 

[0036] If w+ (s) and w-(s) is equal, it is possible to amend this by projection optics, then — delta — w — (— s 
__) — = — {— w ~ + -- (~ s — ) --} - {— w - (— s — ) — } — a pupil top (with drawing 6 - the range of K=s<=l) 
— wavelength — comparing — the amount delta small enough — stopping — ****ing . On the other hand, 
deltaw** (s) is expressed as a function of the parameters xi (i= 1, 2, — ), such as relative-position relation 
between the installation location of each diffraction grating, the thickness of the substrate supporting a 
period and a diffraction grating, a refractive index and a substrate, and a diffraction grating. Then, the range 
of the problem is -K=s<=l, and it results in calculating xi which fills deltaw(s, xi) <delta. An example 
describes the example of actual optimization. Anyway, it can do in this way and a symmetrical form, then 
this symmetrical can be amended for the aberration over the beam of light which has the include angle of ** 
to a mask passage glory shaft in projection optics on a pupil. Furthermore, it is more desirable if the 
aberration itself can fully be controlled by the approach described in the top. 

[0037] As mentioned above, since it was easy, the 1 -dimensional pattern was assumed as a mask pattern, but 
when a two-dimensional pattern exists in fact or partial coherent illumination is used, the beam of light after 
mask passage is not settled in a field including the periodic direction of an optical axis and a diffraction 
grating, but tends toward various points on a pupil. In this case, what is necessary is to consider function 
deltaw(s, t) ={w+(s, t)}-{w-(s, t)} of the two-dimensional coordinate on a pupil (s, t), and just to calculate as 
deltaw, xi which fills deltaw(s, t, xi) <delta within a pupil surface. This means making w** (s, t) into the 
most symmetrical possible form to s= 0 on a pupil. 

[0038] Furthermore, in order to acquire the effectiveness of this invention to all directions, it is possible to 
use each diffraction grating as a two-dimensional diffraction grating, as shown in drawing 7 a and b. In this 
case, the form of the pupil on appearance serves as symmetry 4 times. However, except for the case where 
NA of optical system is small, it is a little difficult to carry out aberration amendment on a pupil to 2 sets of 
perpendicular pupils according to the situation described in the top at coincidence mutually. For this reason, 
it is a little difficult to acquire the effectiveness of this invention equally to all directions on a mask, and it is 
more realistic to use a 1 -dimensional diffraction grating like drawing 8 . Drawing 8 a, b, and c sees with 
three typical diffraction gratings, and is the upper pupil configurations. In drawin g 8 a, substantial NA 
increases about twice to the pattern of x directions, but it decreases to the pattern of the direction of y. In 
drawing 8 b, to the pattern of x directions, substantial NA becomes root2 twice and is set to l/root2 to the 
pattern of the direction of y. As for NA, in drawing 8 c, x and y both directions become root2 twice, but it is 
thought that it depends for the image formation engine performance [ / in addition to x and the direction of 
y ] in the direction of a pattern remarkably. It is desirable to impose the limit by the direction on the layout 
rule of a pattern etc. on a mask in any case. 

[0039] In order to abolish the pattern direction dependency of the image formation engine performance, the 
conditions of drawing 8 a, b, and c may be rotated 90 degrees respectively, for example, and multiplex 
exposure may be performed. When this is especially applied to drawing 8 c, an image equivalent to x and y 
both directions having doubled NA root2, without controlling pattern direction dependency [ / in addition to 
x and the direction of y ], and sacrificing image contrast can be obtained. However, when rotating a 
diffraction grating 90 degrees, an aberration property is also rotated 90 degrees. Then, it is desirable to cope 
with to perform aberration amendment using a pupil filter and to rotate this 90 degrees with a diffraction 
grating etc. In addition, when aberration control is difficult, you may carry out preparing a slit filter in a 
pupil if needed etc. 

[0040] As shown in drawing 3 , when perfect coherent illumination of the periodic mold phase shift mask is 
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carried out, the optical path of primary [ **] light in which it interferes near the wafer is always symmetrical 
to an optical axis, and each optical path length is equal. Therefore, even if aberration amendment of the 
optical system is not carried out, detailed pattern formation is possible. That is, when using a periodic mold 
phase shift mask under perfect coherent illumination, a two-dimensional diffraction grating as shown in 
drawing 7 is usable, it does not depend in the direction of a pattern, but the effectiveness of a phase shift 
mask can be demonstrated to the maximum extent. What is necessary is to expose only a detailed period 
pattern by the above-mentioned approach, and just to expose other parts by the exposing method 
conventionally after that, in imprinting the mask pattern with which various patterns are intermingled. 
[0041] Moreover, generally the above-mentioned aberration increases rapidly with the value of NA. For this 
reason, in about 0. 1 to 0.2-NA optical system, it does not become a problem comparatively. Therefore, when 
applying to the aligner for large areas of low NA and a low scale factor, the soft-X-ray contraction 
projection aligner of a reflective mold, etc., various constraint which was described in the top is mitigated. 
[0042] As mentioned above, this invention passes a pupil for right-and-left one side of the fourier diffraction 
figure centering on a zero-order diffracted-light line separately respectively, and it can be said that it is what 
compounds this by the image side. Although it is already applied to the optical microscope as this view itself 
is discussed by the above-mentioned reference, the configuration of optical system realizable on contraction 
projection optics was not devised in this until now. This invention is exactly what realized this skillfully in 
the reduced-projection-exposure system. That is, the optical system of drawing 1 prepares a diffraction 
grating between projection optics and a wafer, and it constitutes optical system so that an image faithful to 
the original mask pattern may be reproduced as a result of wafer side interference, while it enlarges the 
incident angle of the light beam which carries out incidence to a wafer side. This invention is applicable to 
various projection optics, such as dioptric system, catoptric system and these combination, contraction 
optical system, and actual size optical system. Also as the exposure approach in the case of exposing a mask 
pattern to up to a wafer using such optical system, it is applicable to both a package imprint, a scanning 
method step-and-repeat one a step a scan, etc. Moreover, this invention is purely based on geometrical 
optics-effectiveness so that more clearly than the above explanation. Therefore, the trouble which originates 
for [ as / in the approach using the above-mentioned Moire fringe ] EBANESSENTO Mitsutoshi is not 
produced. Moreover, since it can detach from a wafer, it can install and there is moreover also no need, such 
as a synchronous scan, a diffraction grating is easily realizable far. 
[0043] 
[Example] 

(Example 1) Based on this invention, as the scanning mold KrF excimer laser projection aligner of 
NA=0.45, the light source wavelength of lambda - 248nm, and reduction percentage 4:1 was typically 
shown in drawing 9 , it converted. That is, the transparence quartz plate 1 03 which has a phase grating 
pattern was inserted in both sides between the masks 101 and projection optics 102 which were installed on 
the mask stage 100. Moreover, between the wafers 105 and projection optics 102 which were installed on 
the wafer stage (sample base) 104, the protection-from-light pattern and the transparence quartz plate 106 
which already has a phase grating pattern on one side were inserted in one side so that a protection-from- 
light pattern side might meet a wafer. The protection-from-light pattern used with a width-of-face period 
[ 1mm period of 300 micrometers ] Cr pattern, and the phase grating pattern as Si oxide- film pattern of 
periodic = lambda/NA. It is 4 times [ by the side of a wafer ] the period of the phase grating pattern on the 
mask side transparence quartz plate 103 of this. Si oxide-film thickness was set up so that the phase of the 
light which penetrated the film's existence section and the part not existing might shift 180 degrees. These 
patterns were formed like the so-called production process of a chromium loess phase shift mask using EB 
lithography. Moreover, the transparence quartz plate 108 which has width of face of 1.2mm and a periodic 
=4mm protection-from-light pattern was formed in the illumination-light study system 107 side of a mask. 
The protection-from-light field of the above-mentioned protection-from-light pattern was set up so that it 
might become a protection-from-light pattern on the wafer side transparence quartz plate 1 06, and 
conjugate. 

[0044] Thickness, an installation location, etc. of the period of the phase grating of transparence quartz plate 
103 both sides and each transparence quartz plate were optimized using the ray-tracing program 
optimization function so that the aberration on the projection optics pupil in the semantics stated to the term 
of an operation might serve as axial symmetry. Furthermore, the aberration amendment filter 1 09 was 
inserted in the pupil posion of projection optics for aberration amendment symmetrical with the above- 
mentioned shaft. Here, the aberration amendment filter 1 09 amends the astigmatism of a direction mainly 
perpendicular to the periodic direction of the above-mentioned diffraction grating. In addition, each of 
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transparence quartz plates which have these diffraction gratings etc., and aberration amendment filters is 
exchangeable, and it enabled it to set them up for whether being Sumiya at a position. Moreover, in order to 
position a transparence quartz plate correctly, the electrode holder (not shown) of each quartz substrate has a 
jogging device (not shown), can measure the location of each quartz substrate, and can set this as a desired 
location. Furthermore, by acting as the monitor of the image by the automatic focus monitor (not shown) 
which prepared on the wafer stage 1 04, it also made it possible to feed back a monitor result and to adjust 
the location of each quartz substrate so that the optimal image formation property might be acquired on the 
image surface. In addition, aberration amendment may be beforehand performed for the projection optics 
itself to the above-mentioned diffraction grating, and an aberration amendment filter is unnecessary in this 
case. Exposure was performed carrying out the synchronous scan of a mask and the wafer. A stage control 
system 110 carries out the synchronous scan of a mask stage 100 and the wafer stage 104 with the velocity 
ratio of 4: 1 respectively. 

[0045] The mask which has the pattern of various dimensions containing a periodic mold phase shift pattern 
was imprinted to up to the chemistry multiplier system positive resist using the above-mentioned aligner. As 
a result of performing a development predetermined [ after exposure ] and observing under a scanning 
electron ray microscope, the resist pattern with a dimension of 90nm (period of 1 80nm) has been formed 
with the periodic mold phase shift mask to the periodic direction (x directions) of the above-mentioned 
phase grating. On the other hand, the resolution of a direction (the direction of y) perpendicular to the 
above-mentioned direction was dimension extent of 140nm (period of 280nm) using the phase shift mask. 
Then, when the phase grating of the three above-mentioned sheets and the aberration amendment filter were 
rotated 90 degrees, the same mask was exposed next and the resist pattern was formed, the resolution to x 
directions and the direction of y was reversed. 

[0046] In addition, although, as for the upper example, a period, an installation location, etc. of the class of 
the class of optical system, NA, light source wavelength, reduction percentage, a resist, and mask pattern, a 
dimension and a diffraction grating, and a protection-from-light pattern are limited extremely, these various 
conditions can be variously changed within limits which are not contrary to the main point of this invention. 
[0047] (Example 2) Next, the example which optimized optical system is shown so that the effect of the 
aberration accompanying diffraction-grating installation may serve as min. In the optical system of drawing 
10 , the mask side of projection optics where mask side [ where O and I introduced the diffraction grating / 
of optical system ], image surface, sigma, and sigma' does not introduce a diffraction grating, the image 
surface, and hi (i=l-6) show the distance in drawing. The protection-from-light pattern of diffraction 
gratings A, B, and C and wafer right above was formed in both sides of a transparence quartz substrate like 
the example 1 . At this time, transverse aberration w** (s) to the beam of light which has the include angle of 
** to an optical axis after mask passage is expressed as follows as a function of the standardization pupil 
radius coordinate s. 



w**(s) =wu** (s) +ws** (s) wu**(s) =Clhl+C2(sl) h2+C5h5 - +C6h6 ws**(s) =C3h3 - +C4h4 Cl=tan 
[(second* *s0) /M]/M and C2=tan[**(sl/n)-(second**sO)/(nM)]/M - C3=tan[s/M]/M and C4= - tan (s) 
C5=tan[(second**s0) /n] C6— tan (second :::::: s0) — here, wu expresses an unsymmetrical component and a 
component with symmetrical ws to s= 0 on a pupil. However, they are s0=NA and sl= lambda/PA. When sO 
(NA), the contraction scale factor M, and the refractive index n of a transparence quartz substrate are made 
into the value of a system proper, an upper type contains seven optimization parameters, and hi (i=l-6) and 
si. Then, these values were optimized wu** and by imposing seven constraints that aberration should be 
made min to ws** (s) (s). An example of an optimization result to some NA(s) is shown in Table 1 . 
However, aberration was expressed with the wave aberration which makes h5/lambda a unit. 



[0048] 



[0049] 
[Table 1] 
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NA 


0,1 


0.2 


0.3 


0.4 


hi/h5 


17.352 


16.167 


14.263 


11.343 


ho/hc 

i ic/riD 


0.529 


0.995 


1.343 


1.507 


h3/hs 


24.014 


22.800 


20.137 


14.819 




0.368 


0.465 


0.652 


0.920 


he/hs 


0.01 


0.01 


0.01 


0.01 


S1 


1.225 


1.259 


1.300 


1.349 


w max(s) 


5x1 0" 9 


3x1 0" 7 


4x1 0" 6 


5x1 0" 6 




1x1 0" 12 


1x10" 9 


2x10 " 7 


1x1 0~ 5 



w max( s ) - max[w+(s) - w-(s)] 
s1 = n A./PA 



[0050] As shown in a table, it was possible to fully have suppressed aberration also in NA=0.4. Same 
optimization can be performed to various arrangement, when diffraction gratings A and B are respectively 
formed on another transparence substrate. Furthermore, still severer aberration conditions can be satisfied by 
increasing the parameter of optimization by introducing a new transparence substrate and a new diffraction 
grating. 

[0051] (Example 3) Next, the example which created DRAM of 0. 1 -micrometer design Ruhr is described 
using the aligner shown in the example 1. Drawing 1 1 shows the making process of the above-mentioned 
device focusing on an exposure process. 

[0052] First, isolation 202 and the gate 203 were formed on the Si substrate 201 in which the well etc. was 
formed (not shown) ( drawing 1 1 a). Isolation and a gate pattern were exposed with the aligner shown in the 
example 1 using the periodic mold phase shift mask. Here, since it was predicted that the part into which a 
pattern configuration is distorted in the periphery of a periodic pattern by simulation arises, the mask for 
removing this garbage was prepared. After piling up and exposing the above-mentioned mask using an 
aligner to the same resist film as what performed the above-mentioned exposure conventionally, negatives 
were developed, and the part which is not desirable was removed on the circuit engine performance. In 
addition, you may cope with it by ignoring in circuit, without removing the above-mentioned garbage. 
[0053] Next, the capacitor 204 and the contact hole 205 were formed ( drawing 1 1 b). The electron ray 
direct writing method was used for pattern exposure of a contact hole. Next, the 1 st-layer wiring 206, a 
through hole (not shown), and the 2nd-layer wiring 207 were formed ( drawing 1 1 c). The 1 st-layer wiring 
(O.lmicromL/S) was exposed using the aligner shown in the periodic mold phase shift mask and the 
example 1 . However, it changed into what showed the direction and dimension of each diffraction grating to 
drawing 9 c here, this was rotated further 90 degrees, and multiplex exposure was performed. Coincidence 
was made to also rotate the aberration amendment filter 109 90 degrees with a diffraction grating at this 
time. O.lmicromL/S has been formed without direction dependency to wiring prolonged in both directions in 
every direction by this. Formation of a through hole used the electron ray direct writing method like the 
contact hole. Subsequent multilayer-interconnection patterns and final passivation patterns are designed in 
0.2-micrometer Ruhr, and were formed by the usual KrF excimer laser projection exposing method do not 
use this invention. In addition, it is not caught by what was used in the above-mentioned example about the 
structure of a device, an ingredient, etc., but can change. 

[0054] (Example 4) Next, the example which applied this invention to manufacture of distribution feedback 
mold (DFB) laser is described as another example of this invention. What converted the ArF excimer laser 
contraction projection aligner of NA0.5 like the example 1 was used for the aligner. In the making process 
of the conventional quarter- wave length shift DFB laser, the diffraction grating with a period of 140nm 
currently formed using the electron-beam-lithography method etc. was formed using the periodic mold 
phase shift mask and the above-mentioned aligner. It became possible to manufacture more the DFB laser 
which has by this the engine performance almost equivalent to what was produced using the electron-beam- 
hthography method etc. for a short period of time. 
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[0055] 

[Effect of the Invention] As mentioned above, when according to this invention light is irradiated through an 
illumination-light study system at a mask, image formation of the mask pattern is carried out to up to a 
substrate according to projection optics and a pattern is formed, While preparing a diffraction grating in the 
above-mentioned substrate and parallel between the above-mentioned substrate and the above-mentioned 
projection optics So that the image of a mask pattern may be reproduced by interference of the light 
diffracted by the above-mentioned diffraction grating near the substrate side By establishing a diffraction 
grating or image formation optical system between projection optics and a mask or between a mask and an 
illumination-light study system, formation of the detailed pattern conventionally beyond the resolution limit 
of an aligner is attained. Specifically, effectiveness almost equivalent to having a maximum of doubled the 
NA substantially is acquired, without changing NA of projection optics. Without changing the fundamental 
configuration of the optical system of an aligner greatly thereby conventionally, the big exposure field and 
high resolution are acquired and manufacture of LSI of a dimension the class of 0. 1 micrometers is attained 
using the contraction projection optical lithography suitable for mass production method. 
[0056] 

[Translation done.] 
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A / N A CD m jfftS^ b {C A*f f 3 JtMUC *f f 3 lalflf ft » 
9 0Jtl;Lb£4»?, x/^-y-t^h&^LT0ST^a 
ffifCjgftffcLT^X^-lc&fito^^fc&T'&So - 
7?, 0»ft&^BtaScOF^coa#f^ni:-rSi:, sin 
0=NACOftST*mf«^B LfcOi&Jfc 
^ x/-n- fc Sit A 3 fc *£> tc ti J^W A / N A T' 4 if 
fttf4£ 4</">) 'xAttL/cTtcOleUff^e'ti: 
sin9'= (A/PB+sin0) /n = 2NA/n 
£40, 9' <9 0jeT-&3fc46<D^ft&, NA<n/ 
2t45„ *fgBJl£SAN A = n/2CDft^g: 

D^XtC*5^TiI^ffl£ftTl^.i>N A 0. 6gJS<DjS 

#*n. 3) TWcLTSft-rntf, na^tcNA^i. 

2fcLfcc9£3?<i4$&Stff#6ftSo co«6, {MSS/ 

7h7X^^ffl^nH 7|<ffi^>'7 P CD i i^cOjSS (3 6 
5nm) T'fc, 0. 1 /jmWTClSM^ff^tlSCt 
fc43o 4*5, *73ftT'fi, ^x/N-jfi^T'T^-r?.^ 

<Dx%tftimtbT±^Tcsb, mmtemitytoimmm 

[00 3 0] JGU:©Btlfct£Titt«ijfiftl*{5£ U 0Sf 

iirSC htm $ L^C tit^o $T"£.4V\ 
[0 0 3 1] ^SEWtfel^TffiR-r^S^iteOV^ 

[0 0 3 2] mi fc, ^Jt^^Tttti^BJtffifcJt^ 
T, -B»cB3teB«««iWH*n*. 01cfcO^5«ta 

^^T"4^{uS{c^i;§mcO^T-fe0, -!S(c5f$b< 

ltOiS± (-i7X/N-i:Ie]Sf^CcD^) fcjgttvx* 5 
2 ^Rit T c n e> co^co#^ JBB-T 3 c i: *<a * L t/ \ 

©E3IS«5 3<D^ffi{c^-T?.c: i;#T'#3c (g"J^ 
C0S«±(cmfi!cUTt«^)4l/^ ) X, CtXtmmcffl 



(7) 



11 



(p£) h&com (qjS) (Dmnmm, «s#2-na- 
zb) fcii^-r *«wc, ±M33m<D2m*mmtLT 

rt±, K^coSTtgH-efflv^nT^^^r^^o^S io 

1 : 1 6 3fc46 

>?x/n— ±S^^iigWfi, W^N A ■ ZBt-TS 

[0 0 3 3] m2fc, *#}£T*fcJ;-Jl8fc:gltt5aja#ffiT 

JtfiS«**iJIBL-CVS«ri:t,» X/l/— ?V USTOISH 30 
ffll^S, &JS<DHWfc¥««?6b^Xh3|(Db^Xh*f 

[0 0 3 4] ^3{C, taowwe^ufe.fc'Su:, «±tc 

li, f "=0COSS Lt^|HlST#tcAp^T, f" = ±2(SA 
+ SB)^->7hLit7- D x^«lt|!#£ DSo Ctl 

it, 40 
PA< 1/(1 -2'NA/M) 

tirtU£&\,\ C(Dt§£. VX^T'IhIM^ 2 -N A/M 
T-IU#T£ftfc|a]#fft (0 1 4>R 1 ) {C*f-r§lHl»ftS^FA 
fc 1 ^|6]«|e]Sf^ (ilffAl <p SjS* 

[0035] ^4(c *awo«^fi4, ®m&?m> 

a»o««3^)ttti: EHfflft^oJSWW (6]^#tyffirt{cfe 
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if OX, Xz Xs I , OYi Y? Yj I , MOZ, Z 2 Z 3 I 
<9&}m;ECDg#0T';&tfftt£&e>&l,\ > LfrU CtX 

X 2 Xa = Y 2 Y 3 = Z 2 Z 3 £9> OXiXi+X) K 
OY. Y 2 + Y 3 I , MOZ, Z 2 + Z 3 I ©M^lRS t & 
3 0 OcDifigSreSlZJSOX, X 2 X 3 I S^OZi Z 2 Z 3 I 
fcS^TtSSOSffilRII^OY. Y 2 Y 3 iZ&mtLTM 

mtLtcm^&mms icii lx -fay htztme b<D 

^rW-T S JteBfc JtT S IRIS w + ( s ) tt»±T— » 
fot1ZZ>Cttft>fr%, 0 |!3«fctt«lte;ttLT-©ftfi«: 

+77(6](c(Hl*f Lfcftt -73l6](ciHlfiT UfcJtt?rra«F»cf x 
+^(6]i:-^t6]tc|5iSfLfc3 1 e(i:*t-r?>B±iK 

[00 3 6] w + (s)tw-(sWfUtnH Cft£: 
S^^T'ffljE-r^Ct^nJ^T-fe^o =tCX\ Aw 
(s)= {w + (s)} - <w-(s)} tt± (i6t'ti 

S«i:lHl«T^coffi*tfitBMll^©^v^-^x i (i 
= K 2, •••) CDK^LTa^ft-So ^CT\ Kg 
(i, - 1 S s S 1 ©S!BT% 4w(s, xiXtf^rilfc 

ttmci; oiRMg^+^wifij-rsc: t^T-#n 

[0 0 3 7] «±, ffi^cDfc^vX^/^-yfcLT 1 
#7C<D'* * — L tci}\ H tc « 2 #7t/ ^ - > 



iwtLT, a±0 2*7fiffi« (s, t) vim®. 
Aw(s. t )= {w + (s, t )} - {w-( s , t )} 

SffiF^T*. Aw(s. t, x iXi^fttx i 
^r^ntf^l^o Cfttt, w±(s, t)£©±T-s=0 
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[oo3 8] ££ic, ^x<Dy5mcMLx^mm^ 

£\ SAH*±©B(D^te4lH]#ffri:ft£ 0 LfrLfttf 
e>, ±T'a>^/c*1f{c < fcD. 5l^fc:fiItft2ffl<DttK:*t 

tfi J f> J f^L<, 0 8O<fc?ft l^TtHflTte^ffl^* 

«AUt)SIIWT*£5o i8a, b, cti3OC0^«W 10 

x -ft [S]<D/ ^ - y\Z % L THJtWft N A It 2 fgjfi < m± 
yftfa<D'1-$i-yicmsTt,tWL'P-?Z> 0 08 b 

fgtfttK y^lSjcO/^-ytC^fLTti 1 /f2 i:ft 
%>o m 8 c CDlf-a-, x, yM^lpJfc&N AfcfcvT2fgi;ft 

%itCt*<gSL^, 20 

[0039] tefctefio/^-v^fiitt^tefci&x-rfc 

J6fC«, 08 a, b, cCO^ftSr, &%fflx.li 9 OJglHl 

7^;l/^-^rfflv^Tffv\ laHffte^ i: 1 1 (c CM 9 0 

m®$KS&?>m<DMmzM-rc£tfm%L\,\ ft*., nx 30 

[0 0 4 0] 03fC^L^<t9(i:^mSfi1 : av'7 hvx 

&t <&± 1 &ft<Dytiisitytmc-ttL?mcttfoT'& 

t ^ 5 tt , 0 7 tc 7* L fc <fc 9 ft 2 5fc7C@$r#H? *M£ 
[0 0 4 1] ±KiRM«— PfifCN A<Dffitt$>lC 

nmcm±-?%o c<Dtctt>. nao. i~o.2sjscd^ 

gB^fcjgffl-t&lt^fcfi, ±T*xE^/c«i:?ftfil>5rfti|ii] 
.^gilS^nSo 50 
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[0 0 4 2] W±s 0*@#f)t«%tf^fcL 

^x^B^Aitrsft tr-AcDA*tft£A€- < f s 1 1 

&fc, ^x/\gH 1 i$©^7n<DvX?/^— XCJUUft 

fflT*££o cift^Oft^^ffl^Tx'X^/^-^'j; 
X*-W7?5^ Xxy^TVKUfcf-K Xfy7 

yyHx^+y^v^-rntctiifflojiiT'fe^o i-x 

Wft^m^a-^l^TV^o fcT, M&OtT I4g£ffl 
I ^77ft(c 4ott 5 81 ft x/ ^ >y -fe > h Jtfi tcgg-r ^ 
^S^i^UftW X, HHff^(i^x/N-«tt»S8ILT 
KHoJh6T% Lfr&imWX^-vy^Di&gkft^fctf), 

[0 0 4 3] 
[HS6CT] 

(H»ji) *mmcm-3%, na = o. 45, 

ftA = 248nm, *S'J^4 : 1 ©X^-VVSiK r FX 

l o 1 h®L&yt¥?k l 0 2OHC, MStc&ffltS 

^/^^-^fr-rsams^SK 1 0 3^jfAtfc o x> 

7x/N-Xf-i/ (^&) 1 0 4±(CISBL/£'>X/N 
-10 5 tmZK^lk 1 0 2©IBfc. «-fflfC»Jt/<*- 

0 6^r, jg7t^^->«ilJ* ,tr >x/N-{c^S-rS«t9{c 
ffiAL/fco igft/^ — >t±i5iS3 0 0 fim^i 1 mmOC 
r/^-V, (iifflt&^^-yti^W= A/NACOS i 

S i^b^ifti, ^0#ftgPi:#ltLftv^^ajib 

fcftfo&ffltfi 8 ojg-rnsi^fc^L/to cne.® 

UXfitffiv'7 hvX^cDftS^O-fcXfcim&fcLTJBfig 
L/c„ X, VX^<0RgW3t^ 1 0 7CtKc, i!S 1 . 2 m 
m, ^W=4mm<Djg^^-^^Wr^aBJ5^«l 

-fflJj8W535fil 0 6±<DjgJt^^->t«tatft«<k 

[0044] mm^m i o 3 wffi'offliBft^oaw, 
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T\ JKMUlET^l/^- l 0 9^, ±fc JiHBIU^f ^S^F^O 
JifflTjft i: Sift ft#fa©#j£iKg*atIE-r S & ©Tfc 

(t«XWl4i«l &5£» 

T'^So ^e>{c, ^ia- xf— V s i o 4±tcett/c* 

1 0 Ofc^x/N— X-r— 5/ 1 0 4£\ 4 : 1 CDjlfi 
ttT*|B|ffi^fi-r-5o 

[0 0 4 5] ±te§7teSB£ffl^T, UWSffiffl'>7 h 



10 IP 



20 
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<uffi^7 hVX^fCj;i9^-?£9 0 nm 0118 1 8 0 n 
m) <DU5>Xh/<*->jWBja?*fco -73. ±gB#|tO 

£ffll^T 1 4 0 n m 2 8 0 n m) 

-<;1/^-^: 9 oamteLTIs] C^X^^tSt'c; tTU^X 

[0046] ±«D^si0ij{i, jt**oaa, N 

[0 0 4 7] (MMffl 2 ) &»c, BSr«m&AK:#?ilX 

■fo ai o^^^fc^vT, o, it*, mffiftTzm 

»AL*V^*a»«^3RO^X^ffii:«ffi % hi (i = l 

mm^B&Lito cot*, vx^aii&tcttiiiKcfctL 



[0 0 4 8] 



w + (s) = wu±(s) + ws+(s) 

wu±(s)=Ci hi +C2(si)hz+Cs hs + C 8 he 
ws+(s)=Ci h 3 + C. h« 

C. =tan[(s±So)/M]/U =tan[±(s, /n)-(s±so )/(nM)]/M, 
C 3 =tan[s/H]/M, C< =tan(s), 
Cs =tan[(s±so )/n]> C6=tan(s±so) 
CCT\ wu«©±T*s = 0fc#LT2l^ffc&j£#, w ^1 
s«ftffi&/£5t£:gT„ ffiU so = NA, si = A/P 

AT'fe?>o so (na) , ig/jM&¥M, mwEnw&om 

ft'^*-*, hi (i = 1~6) &tfs.*£€y. *C 

t\ wu+(s), w s ±(s)fc^LTiKH^a'ht-r^ 
it ufcc i/ -1 < ofr©N a tc*t-r sgigftjgmoHWSrS 

[0 0 4 9] 

[Si] 



NA 


0.1 


0,2 


0.3 


0.4 


hi/hs 


17.352 


16.167 


14.263 


11.343 


h2/hs 


0.529 


0.995 


1.343 


1.507 


h3/hs 


24.014 


22.800 


20.137 


14.619 


hVhs 


0.368 


0.465 


0.652 


0.920 


he/hs 


0.01 


0.01 


0.01 


0.01 


51 


1.225 


1.259 


1.300 


1.349 


w max( s ) 


5X1 0' 9 


3x1 0" 7 


4x1 0' 6 


5x1 0" 6 


W|*ex{s) 


1x10 -12 


IxlO" 9 


2x10 " 7 


1x10" 5 



w^ax(s) = max(w+(s) - w-(s)] 
s1 = n X /Pa 



50 
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[0 0 5 0] ^frtbfrfr&koltC. NA = 0. 4^*31/ ■> 

s. s e>fc, mrc&mwmm^mffi&Ttkmx-? % c t 
[0051] mmm 3 ) iwc, nsgeij i ^ Ltzm^e 

8I4fflt^T, 0. 1 /imKtt;U— ;KDDR AM£r{f/£ 

tfcwcoi/^T^s. 01 ia, iM&T'WTsOxm io 

[0 0 5 2] *x;H? (0^-fr-f) fcJgjSLfcS 

i Bffi2 0 1 ±C7^Vl/- v-3 >2 0 2RXS¥— h 2 
0 3*Bl$.Lrc ilia), 7^VU— >3VSO*y 

[0 0 5 3] ^tc, **>^>£— 2 0 4St>*^y^f^ H 
;I/2 0 5*^Lfe (01 lb), h*— 

ifn Jf BESS 2 o 6 , x;U— (07jvt*-f) , m 

2JMBW2 0 7*«J«Lfc (11 1 c) o SUSSEX 
(0. 1 (imL/S) tt«WSa«4«->7 h-?Xttmi& 30 

ccDtt, mmia&mMiEy-fjiz- 1 0 9 tmsf^ 

{C3£t>*3IE8s»C#f LT#ftte#tt& Uc 0 . 1 fi m L / 

0. 2 n mfv—jix-msf-^ tires'?, ^m^m^^ 40 

T'ffli^fc tote i: e>t3n-T^MnlHtT*^?.o 

[0054] mmm 4 ) ^tc, *^w©s"jonss0iji: 
lt, *aw*»*»as! (dfb) u— y-oHf^te 

JSffl Lfc^Jtcov^TSji^So MftMMlcli.. N A 0 . 5 

oa r v 3-*i/-*\s-*rm^s&mmm*nmm 1 r 

hDFBl/- y-^ffSXgfCfe^T, C^ffiH^ 
Srffl^TJBfiScLT^fcJS^l 4 0 n mOimi&tt, JS 50 
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tmmm<D<&m*m-rz> dfb u— »r-*, xomm 

[0 0 5 5] 

[^©^S] J-X±, #fgWC<fc*U£, RRWJt^*^ 

SC^&UCv N A £HK&fycg^ 2 fgtc Lfc<7) i; 

m^7X0L S I (DmjmtfoSf&t&Zo 
[0 0 5 6] 
[0®©®*^»JB^] 

[0 1 ] *«W*cJ:5-)fe9i^(Ott«©Sl!*«M5F^W 

[^2] ^a^*s^{Cct?>^#cDMs^-r^0 

[0 3] *5SB^{cJ;§-^^fc(fitg>'7 h^X^Xti 
[0 6] *aflHKJ:S-3tt^3R<Ol*tt%^-r«l*H-P* 

[07] *iswT'ffli/^^a5p a pt^n(c=};<9t#ens 
[ 0 8 ] *wn T-ffl ^ 5 7te¥a5p a p i: * *i k: J: 0 » e» n s 
[09] *¥£M<D-nmmtc£zmyt ; &g<Dmi£*7r;-? 

[01 0] *^cDS"J<D^)SI0lJ©^14^-r0T*S§ o 

[011] *m%<D'ft\(DnffiMic£z>T'U Tsftmxn 

[^©SiBj] 

5, 2 6, 2 9-itiS, A, B, C •UlSflS 

R--^> R0> R0* • -O^liHfrtts R 1 x R+, 
R 1 " ■••+ 1 Xmffiyt. R 1 ' , R 1 ^[eJflTTt. 
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19 20 

AO, A 1 -|h|8t*&FA±©j£u BO. Bl— mflftS^ * 1 0 0-VX^Xf—>\ 1 0 1 ■ 102 

B±CD£, CO. CI, CI' -ilftt?C±Oja, -^ft^, 1 0 3 - -jiWHiSffi, 1 0 4-*X/\- 

Q, P, Q' ■■mM±<D&, 2 1 ••S^MjSSvX^, Xf-y (Mfiffl , 10 5--)IA- 10 6-3W 

2 2-* 2 2 4-1, 2 5-®I, 1 0 7 -HH1%¥S« 10 8-M5X& 1 

2 6-JB»iS!{frfB5<':7 hvX^, 2 7-vX^H»f}t© 0 9-iRMMiE7-f , 1 1 O-Xf-i/Wi, 

0^t1£, 2 8 • • •+ 1 ^ft, 5 1 -SI. 5 2-iIftVX 20 1- SiSfi, 2 0 2 — 7WV Is— ~>a >, 2 03 

53--53?S&, 0 -VX^±<0^, X., Y,, Z -y—h, 2 0 4-+ + /^-, 2 0 5 •ny^^h 

. • •teHfftS^A±0^, X*, Yz, Z.-0#Hfr? B±CD 2 0 6 -S 1 J1K8!!, 2 0 7 ••3? 2 JIIB3g 0 
jS, X 3 , Y 3 , Zi-Elffife?C±a>j£L I-«ffi±<D * 
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[0 2] 
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